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Abstract of JP 63092712 (A) 

PU RPOSETo obtain the titled high-performance porous membrane readily aqd inexpensively, by 
extruding a dope solution from a middle nozzle of a triple ring nozzle, simultaneously extruding a 
thickening agent (aqueous solution) from nozzles at an outer and an inner sides and coagulating the 
extruded flow in a water coating bath. CONSTITUTIONS dope solution, preferably a polysulfbne dope 
solution, is extruded from a middle nozzle part of a triple ring nozzle consisting of an inner nozzle part, 
the middle nozzle part and an outer nozzle part and simultaneously a thickening agent such as 
aqueous solution of glycerin, etc., or an aqueous solution thereof is extruded from the inner and the 
outer nozzle parts, respectively.; The extruded flow is dropped in air in a fixed distance, introduced into 
a water coagulating bath positioned below the nozzles and coagulated to give the aimed porous 
membrane. The membrane is suitable as a microliter. 
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SPECIFICATION 

1 title of the Invention 

' Process for Producing Hollow Yarn Porous Membrane 

2 Claims 

1. A process for producing a hollow yarn porous membrane 
characterized by 

using a triple ring nozzle in a dry-wet* spinning 
process which comprises discharging a dope solution from a 
hollow ring type nozzle and then introducing the discharged 
dope solution into a coagulating bath to coagulate it, 

discharging a dope solution from the middle nozzle 
part thereof and a thickening agent or the aqueous solution 
thereof from each of the inner and outer nozzle parts 
thereof respectively at the same time, and 

introducing them into a coagulating water bath 
positioned below the nozzle. 

2. The process for producing a hollow yarn porous 
membrane as set forth in Claim 1, wherein the dope solution 
is a polysulfone dope solution. 

3 Detailed Description of the Invention 
[Industrial Available Field] 

The present invention relates to a process for 
producing a hollow yarn porous membrane. In more detail, it 
relates to a process for producing a hollow yarn porous 
membrane, which conducts dry-wet spinning by discharging a 
dope solution and a coagulating liquid at the same time 
from a hollow ring type nozzle. 

[Prior Art] 

In a dry-wet membrane-producing process which 
comprises casting a dope solution and then immersing the 
cast dope solution into a coagulating liquid, control of 



membrane structure for making it porous is carried but by a 
method of changing the composition of the dope solution, a 
method of changing the composition of the gelling bath, or 
the like. 

However, such a method used for the structure control 
of a flat membranous material is not applied without change 
to the case of a hollow yarn. As the reasons, there are 
cited that in the case of spinning of a hollow yarn a 
support is not used unlike the case of casting of a flat 
membranous material and hence it is difficult to maintain 
hollow state unless a dope solution discharged from a 
nozzle is gelled at once, that whole process from 
discharging of a dope solution to gelling is carried out 
dynamically and hence unless flow rates of the dope 
solution and core solution, winding velocity and the like 
are respectively balanced, continuous spinning becomes 
impossible, yarn breakages are caused frequently, and the 
cross-section of a hollow yarn becomes distorted, and the 
like. 

Therefore/ even though with regard to a flat 
membranous material a porous membrane of the desired 
structure was obtained by adopting the above-mentioned 
method, when this method is applied without change to the 
spinning of a hollow yarn, a porous membrane of the desired 
structure cannot be obtained immediately from the point of 
spinning property. 

[Problem to be Solved by the Invention] 

In general, a porous membrane produced by a dry- wet 
process is usually formed from an outer dense layer called 
as a skin layer and an intermediate rough layer called as a 
supporting layer (porous layer) • This skin layer is a layer 
contributing to separating function through the membrane 
cross -section, and it can be said that roughness or 
denseness of this layer represents the pore size of the 
membrane. 

By the way, formation process of such a skin layer is 



considered as follows. First, when a dope solution is 
contacted with a gelling bath, at the interface between 
them a solvent from the dope solution and the gelling bath 
into the dope solution respectively begin diffusion. 
Generally, the dope solution solvent and gelling bath used 
are compatible with each other, and hence their diffusion 
is carried out quickly, and rapid agglomeration of a 
polymer is caused at the dope solution* gelling bath 
Interface because the gelling bath is a poor solvent for 
the polymer dissolved in the dope solution. Therefore, 
firstly a dense skin layer is formed* and diffusion is 
carried out through the skin layer, and hence the membrane 
inside has relatively porous structure. 

Thus, in order to make the structure of this skin 
layer rougher, it is good to suppress the initial rapid 
agglomeration of a polymer. Therefore, in the present 
invention, the present inventor has succeeded in 
suppressing gelling and obtaining a hollow yarn porous 
membrane of changed structure by discharging a thickening 
agent or the aqueous solution thereof at the inner side and 
outer side of a dope solution at the same time in dry-wet 
spinning by discharging a dope solution and a coagulating 
liquid at the same time from a hollow ring type nozzle, and 
contacting first with a gelling bath of increased viscosity. 

[Means for Solving the Problem] 

Thus the present invention relates to a process for 
producing a hollow yarn porous membrane, and the production 
of a hollow yarn porous membrane is carried out by using a 
triple ring nozzle in a dry-wet spinning process which 
comprises discharging a dope solution from a hollow ring 
type nozzle and then introducing the discharged dope 
solution into a coagulating bath to coagulate it, 
discharging a dope solution from the middle nozzle part 
thereof and a thickening agent or the aqueous solution 
thereof from each of the inner and outer nozzle parts 
thereof respectively at the same time* and introducing them 



into a coagulating water bath positioned below the nozzle. 

As a dope solution, there is used a water-soluble 
organic solvent solution of a selectable hollow yarn- 
forming polymer including polysulfone, polyvinylidene 
fluoride, or the like. 

In addition, as a thickening agent, there is used, 
for example, glycerine, ethylene glycol, propylene glycol, 
polyethylene glycol, polyvinylpyrrolidone, CMC, or the like. 

These thickening agents can be used by themselves 
when they are liquid, but generally they are used as their 
aqueous solutions, and when they are the above -mentioned 
polypi compounds, they are used as an aqueous solution 
having a concentration of not less than about 50 weight %, 
and when they are the other compounds, they are used as an 
aqueous solution having a concentration of about 5-50 
weight %. 

As a hollow ring type nozzle, there is used a triple 
ring nozzle, and the inner nozzle part from which a core 
solution is discharged, may be either circular and hollow 
or annular. Discharge is carried out by extruding a dope 
solution from the middle nozzle part thereof and a 
thickening agent or the aqueous solution thereof from each 
of the inner and outer nozzle parts thereof respectively at 
the same time. 

Thus, the dope solution hollow flow in the state of 
being contacted with the coagulating thickening agent or 
the aqueous solution thereof at both of the inner and outer 
surfaces falls in the air through a given distance and then 
is introduced into a coagulating water bath positioned 
below the nozzle. The dope solution begins gelling even at 
the time of falling in the air and forms skin layers at 
both of the inner and outer surface sides, but the skin 
layer structure thereof changes depending on the thickening 
degree of the thickening agent or the aqueous solution 
thereof allowing gelation to occur, and at last completes 
gelling by being introduced into a coagulating water bath. 



[Advantages of the Invention] 

It has been found to be effective to use a thickening 
agent or the aqueous solution thereof as a coagulating 
liquid in order to change membrane structure/ specifically 
pore size and the like by delaying the gelling velocity of 
a dppe solution in a dry-wet spinning process . However , 
unlike the case of a flat membranous material, when an 
aqueous thickening agent solution is used in a spinning 
bath, the large amount thereof is required* Therefore, by 
using a thickening agent or the aqueous solution thereof in 
the state of being contacted with the inner and outer 
surfaces of a dope solution at the time of discharging the 
dope solution, the use amount thereof can be decreased. 

Speaking of a hollow yarn porous membrane, for 
example, polysulfone hollow yarn porous membrane or the 
like has hitherto been used as an ultrafilter membrane or 
the like by utilizing characteristics of polysulfone that 
heat resistance, chemical resistance and the like are good, 
but has not been used for applications such as a 
microf liter. As a microf liter hollow yarn porous membrane 
that is excellent in heat resistance and chemical 
resistance, there is a polytetraf luoroethylene that has 
been made porous through hot stretching, but it is very 
expensive. However, according to the process of the present 
invention, a hollow yarn porous membrane that is usable as 
a high-performance microf liter can be Obtained readily and 
cheaply by a dry- wet spinning process, and therefore there 
can be exhibited also the effects of being able to try to 
apply this porous membrane to high-pressure steam- 
sterilizable fields such as bioreactor, food industry and 
the like. 

[Example] 

Next, the present invention is illustrated by way of 
an Example. 
Example 

A dope solution consisting of 15 weight % of 



polysulfone (product P-1700 by Nissan Chemical), 84 
weight % of dimethyl formamide (product by Kanto Chemical) , 
and 1 weight % of polyvinylpyrrolidone (product K-90 by 
Kanto Chemical) was discharged from the middle nozzle part 
(inner diameter 0.5 mm, outer diameter 1.5 mm, annular) of 
a triple ring nozzle consisting of the inner nozzle part 
(diameter 0.3 mm, circular and hollow), the middle nozzle 
part, and the outer nozzle part (inner diameter 2.0 mm, 
outer diameter 3.0 mm, annular), and at the same time an 
aqueous glycerine solution having a concentration of 0 
weight %, 50 weight % or 75 weight % was discharged from 
each of the inner and outer nozzle parts, and dry-wet 
spinning was carried put under the following conditions. 

Dope solution-discharging rate 14 ml/min 
Aqueous solution- discharging rate 

(inner nozzle) 7.2 ml/min 
Aqueous solution-discharging rate 

(outer nozzle) 70 ml/min 

Fall distance 30 cm 

Gelling bath (water) temperature 20 °C 

Winding velocity 17.6 m/min 



SEM images obtained by observing the surface skin 
layers of the resultant hollow yarn porous membranes show 
that membrane structure becomes rougher and pore sizes 
become larger gradually as the glycerine concentration of 
the aqueous glycerine solution used is increased. That is, 
in the case of the concentration of the aqueous glycerine 
solution being 0 weight % (water) , no pore was observed in 
the surface skin layer, but when the aqueous solution 
concentration became 50 weight %, pores having a diameter 
of about 0.1 (im became observable, and when the aqueous 
solution concentration became 75 weight %, a lot of pores 
having a diameter of about 0*3 Mm became present. 
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